Conformational changes frequently occur when proteins interact with other proteins. How to detect such changes in silico is a major problem. Existing methods for docking with conformational changes remain time-consuming, and they solve the problem only for a small portion of protein-protein complexes accurately. This work presents a more accurate method (FlexDoBi) for docking with conformational changes. FlexDoBi generates the possible conformational changes of the interface residues that transform the proteins from their unbound states to bound states. Based on the generated conformational changes, multidimensional scaling is performed to construct candidates for the bound structure. We develop the new energy items for determining the orientation of proteins and selecting of plausible conformational changes. Experimental results illustrate that FlexDoBi achieves better results than other methods for the same purpose. On 20 complexes, we obtained an average iRMSD of 1.55Å, which compares favorably with the average iRMSD of 1.94Å in the predictions from FiberDock. Compared with ZDOCK, our results are of 0.35Å less in average iRMSD on the medium difficulty group, and 0.81Å less on the difficulty group.
Introduction
Many proteins realize their biological functions through interacting with other proteins to form complexes. In forming a complex, the protein structures involved frequently undergo conformational changes. Modeling and detecting these conformational changes in docking problems is a challenging task, and is a topic under active research, since a solution to the problem will help to remove bottlenecks in various biological studies. Protein docking is the task of calculating the three dimensional structure of a complex starting from the individual structures of proteins. There are many techniques for predicting protein-protein docking configurations. Broadly, they can be grouped into two categories. The first we call rigid molecule docking methods. They work by sampling the effective positions and orientations of a rigid-body protein around another one. Among these, methods based on fast Fourier transformation [4, 9] , geometric surface matching [21] , as well as intermolecular energy [7,5,1] have been proposed. In addition, other existing methods to identify the interface residues are based on analyzing the differences between interface residues and non-interface residues in known complexes, often through the use of statistical techniques [20, 2] and 3D structural algorithms [23, 13] .
The second category of docking techniques is the flexible molecule docking methods. These methods work by changing the backbone and/or side-chain conformations to refine flexible structures of complexes. The flexible docking methods can be divided into three groups according to their treatment of structural flexibility. The first group, including FiberDock and RosettaDock, searches for energetically favored conformations in a wide conformational search space. Fiber-Dock [19] combines a novel normal mode analysis (NMA)-based backbone refinement with side-chain optimization and rigid-body minimization. It minimizes the backbone conformation along a few degrees of freedom, which are carefully picked by NMA. The side-chain flexibility of interface residues is modeled by a rotamer library. After refining all docking solutions, the predicted structures are ranked according to an energy function. RosettaDock [18] is a Monte Carlobased docking method. It optimizes both rigid-body orientation and side-chain conformation via rotamer packing. RosettaDock refines the flexible backbone by minimizing the energy functions via varying the backbone torsional angles. The second group deals with hinge bending motions in the docked molecules, such as FlexDock [22] . It first detects hinge regions, rigid parts and motion directions in the flexible structure. Then, each rigid part of the flexible molecule is docked with the rigid molecule, and the directions generate more conformations of the flexible molecule. Finally, all the partial docking solutions are assembled with good shape complementarity, and the top scoring ones are selected. The last one, HADDOCK [5] , is an experimental data-driven method by using the biochemical and biophysical interaction data, such as chemical shift perturbation data resulting from NMR titration experiments, mutagenesis data or bioinformatics predictions. This information is introduced as Ambiguous Interaction Restraints (AIRs) to drive the docking process. An AIR is defined as an ambiguous distance between all residues shown to be involved in the interaction. The method uses simulated annealing in torsion angle space to refine the structure, allowing for both backbone and side-chain flexibility on the interface. The final structures are clustered and ranked according to their average interaction energies.
In this paper, we present a more accurate method, FlexDoBi, for docking with conformational changes. We develop an approach to detect the conformational changes from unbound states to bound states. Our approach examines a set of scaled structures as candidates for the bound structure (possibly with conformational changes), and uses a new energy function to select the best solutions.
To obtain the set of scaled structures, we maintain a database of structures, from which raw candidates for the conformationally changed residues can be rapidly selected. These candidates are then refined through an efficient method
